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Abstract 22 
 23 
The effectiveness of using thermally activated hydrotalcite materials has been 24 
investigated for the removal of arsenate, vanadate, and molybdate in individual and 25 
mixed solutions. Results show that increasing the Mg,Al ratio to 4:1 causes an 26 
increase in the percentage of anions removed from solution. The order of affinity of 27 
the three anions analysed in this investigation is arsenate, vanadate, and molybdate. 28 
By comparisons with several synthetic hydrotalcite materials, the hydrotalcite 29 
structure in the seawater neutralised red mud (SWN-RM) has been determined to 30 
consist of magnesium and aluminium with a ratio between 3.5:1 and 4:1. Thermally 31 
activated seawater neutralised red mud removes at least twice the concentration of 32 
anionic species than thermally activated red mud alone, due to the formation of 40 to 33 
60 % Bayer hydrotalcite during the neutralisation process.  34 
 35 
Keywords: water purification, thermally activated hydrotalcites, seawater neutralised 36 
red mud.  37 
 38 
Introduction 39 
 40 
Layered double hydroxides (LDH), also known as hydrotalcites or anionic 41 
clays have received increasing attention in recent years due to their wide range of 42 
applications as anion exchangers, adsorbents, ionic conductors, catalyst precursors 43 
and catalyst supports [1-3].  Hydrotalcites are naturally occurring minerals derived 44 
from a brucite structure (Mg(OH)2) in which Al
3+
 substitutes for Mg
2+
. This 45 
substitution creates a positive layer charge on the hydroxyl layers, which is 46 
compensated by interlayer anions or anionic complexes [4]. These anions may be any 47 
anion with a suitable negative charge including arsenate and vanadate.    48 
 49 
The thermal activation of hydrotalcite materials dehydrates the structure, removing 50 
water and other volatile anions from the interlayer region. Re-hydration of the 51 
thermally activated hydrotalcite with an aqueous solution returns the hydrotalcite to 52 
its original structure. Anions re-adsorbed into the hydrotalcite structure do not have to 53 
be the original anions that were in the interlayer before thermal activation. Therefore, 54 
any anion presence in the re-hydration solution has the potential to be adsorbed into 55 
the thermally activated hydrotalcite. The removal of anions from solution is 56 
dependent on the affinity of other anions in solution, where higher affinity anions will 57 
be removed preferentially.   58 
 59 
The surface chemistry of red mud is extremely complex due to the number of 60 
different species that constitute the red mud material [5-7]. It is believed that the 61 
adsorption properties of red mud are due to acid/base reactions of the hydroxyl groups 62 
co-ordinately bound to metals in the red mud minerals [5, 7, 8]. The degree of 63 
adsorption of a particular anionic species would therefore be expected to depend on 64 
the anions charge density in a similar way to its affinity for the inter-layer region. The 65 
Bayer process produces large quantities of bauxite refinery residues (red mud), which 66 
requires treatment before it can be safely discharged into the environment or stored. 67 
The alkaline residue (45% liquor and 55% solid) consists primarily of iron oxides, 68 
aluminium oxides, silica oxides, titanium oxides and trace heavy metals. Seawater 69 
neutralisation is one such treatment that reduces both the pH and dissolved metal 70 
concentrations of the residue, through the precipitation of magnesium, calcium, and 71 
aluminium hydroxide and carbonate minerals [9]. The formation of these hydrotalcite-72 
like compounds removes oxy-anions of transition metals through a combination of 73 
intercalation and adsorption mechanisms. 74 
 75 
76 
Experimental 77 
 78 
Synthesis of hydrotalcites  79 
 80 
      Three synthetic hydrotalcites were prepared with varying magnesium:aluminium 81 
(Mg,Al) ratios of 2:1, 3:1 and 4:1. Solutions (1 Litre) containing magnesium chloride 82 
hexahydrate (MgCl2.6H2O) and aluminium chloride hexahydrate (AlCl3.6H2O) were 83 
prepared with the desired Mg,Al ratio, Table 1. The caustic solution (2M) is added 84 
drop wise to the mixed metal solution and was stirred at 400 rpm to ensure 85 
dissolution. After addition of the caustic solution was complete, the mixture was 86 
allowed to stir for two hours before the solid product was removed via vacuum 87 
filtration with a Whatman 542 filter paper. The filtrate required two more filtrations to 88 
ensure the majority of the solid product was removed. The precipitate was washed 89 
twice with deionised water before being vacuum dried and placed in the oven 90 
overnight at 85°C.  91 
 92 
Synthesis of Bayer precipitate 93 
 94 
The Bayer precipitate, containing hydrotalcite, was prepared by the addition of 95 
seawater to Bayer liquor at a volumetric ratio of 4.5:1. Bayer liquor refers to the 96 
combination of 1 part red mud liquor (RML) and 0.9 parts supernatant liquor (SNL). 97 
The compositions of the two Bayer liquors are provided in Table 2. The solution was 98 
stirred thoroughly for 2 hours before being vacuum filtered and dried overnight in an 99 
oven (85°C). The seawater neutralisation process is similar to the co-precipitation 100 
method used for the synthesis of hydrotalcite-like structures. The results presented in 101 
this report are an average of three Bayer precipitates that were prepared. 102 
 103 
Seawater neutralisation of red mud 104 
 105 
Red mud slurry (RMS) was prepared by mixing 300g of vacuum dried red mud with 106 
288.93g of red mud liquor and agitating vigorously for 1 hour. 150 mL of RMS was 107 
then added to 135mL of Gove- SNL (supernatant liquor obtained from the Gove 108 
Alumina refinery in Australia) and allowed to stir at 400 rpm for 10 minutes. 109 
Seawater (1.282 L) was added slowly to the stirring slurry and the pH change of the 110 
system was monitored using a general lab pH probe. After seawater addition was 111 
complete, the mixture was allowed to stir for 2 hours before the solid component was 112 
removed via vacuum filtration with a Whatman 542 filter paper. The solid was 113 
vacuum dried, then dried in the oven overnight at 85°C.  114 
 115 
Thermal activation and treatment of aqueous solutions 116 
 117 
The hydrotalcite samples were crushed to a fine powder, before being placed in a 118 
furnace and the temperature was increased at 20°C per minute to 340°C. The sample 119 
was held at the elevated temperature for 1 hour before being removed, and placed in a 120 
desiccator until the sample had cooled to ambient temperature. Once cooled the 121 
thermally activated samples were re-weighed to calculate the percentage mass-loss. 122 
All materials had a similar mass loss between 7-9 %. The thermally activated samples 123 
were stored in the vacuum desiccator. 124 
 125 
Each 100 ppm aqueous solution was diluted by means of serial dilution to yield 75, 126 
50, 25 and 5 ppm anion contaminated solutions. The pH of all solutions was 127 
maintained at around 8.5 before treatment with thermally activated materials. 128 
Thermally activated materials (0.5 g) were added to each anion solution (10 mL) in a 129 
small beaker and the mixture was stirred at 800 rpm for 30 minutes. The mixture was 130 
then separated via vacuum filtration and the solid residue was left in the oven at 85 °C 131 
overnight. The aqueous component was re-filtered using a syringe filter so that ICP-132 
MS analysis could be undertaken (as this analysis requires a very low solids 133 
concentration to be effective). 134 
 135 
Characterisation of Bayer precipitate 136 
 137 
Thermogravimetric Analysis (TGA) 138 
 139 
Thermal decomposition of the hydrotalcite was carried out in a TA® Instruments 140 
incorporated high-resolution thermogravimetric analyser (series Q500) in a flowing 141 
nitrogen atmosphere (80 cm
3
/min). Approximately 50 mg of sample was heated in an 142 
open platinum crucible at a rate of 2.0 °C/min up to 1000°C. The synthesised 143 
hydrotalcites were kept in an oven for 24 hrs before TG analysis. Thus the mass losses 144 
are calculated as a percentage on a dry basis. 145 
 146 
Inductively coupled plasma optical emission spectrometry (ICP-OES) 147 
 148 
Samples of the initial Bayer liquor and resulting solution after the SWN process were 149 
analysed using a Varian ICP-OES instrument. The samples were not diluted before 150 
analysis due to the low concentrations of anionic species. Standards containing 151 
aluminium, arsenate, vanadate, and molybdate were prepared to establish a calibration 152 
curve. Results were obtained using an integration time of 3 with 3 replications. The 153 
relative amounts of each atom were recorded on Varian Liberty 2000 ICP–AES at 154 
wavelengths of 394.400, 311.837, 202.032 and 188.980 nm for Al, V, Mo and As, 155 
respectively. 156 
 157 
Results and discussion 158 
 159 
Thermally activated synthetic hydrotalcites for the removal of arsenate, vanadate, and 160 
molybdate in the same aqueous system. 161 
 162 
It is known that the degree of intercalation of a particular anionic species in the 163 
hydrotalcite interlayer is dependent on the species size and charge density. The degree 164 
to which it is removed from solution is therefore affected by both the hydrotalcites 165 
metal layer charge and its basal distance. When the anion is large, removal is 166 
predominantly determined by the hydrotalcite interlayer basal distance. However, 167 
when the anion is small, the extent of removal is determined by: 1) the charge on the 168 
metal-hydroxide layer (which ranges from +0.33 to +0.2), and 2) the charge density of 169 
the anion.  170 
 171 
The three synthetic hydrotalcite structures prepared for this investigation are 172 
compared for their removal capacity for each anionic species in Figures 1-3. Figure 4 173 
illustrates the removal capacity of Bayer hydrotalcite, allowing a comparison between 174 
the synthetic and Bayer hydrotalcite materials removal abilities to be made. These 175 
plots represent the percentage of anionic species removed from contaminated 176 
solutions following treatment with each thermally activated hydrotalcite material. 177 
Before treatment, each solution contained an equivalent concentration of all anionic 178 
species such that a comparison for the affinity of each could be made. The results 179 
clearly indicate that the order of affinity for these particular anions is arsenate, 180 
vanadate, and molybdate, independent of the Mg,Al ratio.  However, increasing the 181 
Mg,Al ratio to 4:1 improves the percentage of all anions removed from solution. 182 
Comparison of the thermally activated synthetic hydrotalcites illustrates that for 90 - 183 
100 % removal of arsenate, vanadate, and molybdate, contaminated solutions need to 184 
have concentrations lower than 5 ppm. The complete removal of arsenate and 185 
vanadate can be obtained for solutions containing up to 25 ppm for 2:1 and 3:1 186 
hydrotalcites, and greater than 100 ppm for 4:1 hydrotalcites.    187 
 188 
For each anionic species, the percentage removal is seen to decrease as the 189 
concentration in solution increases. This is because the intercalation of the negatively 190 
charged species serves to neutralise the positive metal layer charge, making it less 191 
attractive to other anions in solution. Also, a limited number of intercalation sites exist 192 
within the hydrotalcite interlayer, therefore anions with the highest affinity are 193 
intercalated first. This effect multiplies as the concentration increases, where anions of 194 
high affinity are intercalated rapidly, whilst lower affinity anions are intercalated as 195 
space in the interlayer region becomes available when the interlayer region rearranges 196 
to form more aligned structures. The intercalation of anions is also limited by the 197 
overall charge of the hydrotalcite, where totally neutralised structures do not remove 198 
anions from solution. Once neutrality is reached, anions are only removed from 199 
solution if they have a higher affinity for the interlayer, and are exchanged for lower 200 
affinity anions.  201 
 202 
2:1 synthetic hydrotalcite 203 
The removal percentages of arsenate and vanadate are relatively similar for all initial 204 
concentrations tested. Percentage removal values for molybdate are significantly 205 
lower than those of arsenate and vanadate. At 5 ppm, 100 % of arsenate and vanadate 206 
are removed. As the initial concentration of all anions in solution increases from 25 to 207 
50 ppm, the removal ability of the 2:1 hydrotalcite decreases. At 100 ppm, the 208 
percentage removal of arsenate and vanadate decreased to 60 and 50 %, respectively. 209 
The use of thermally activated 2:1 hydrotalcite for the removal of molybdate is not an 210 
efficient removal technique. In the presence of other anions, molybdate anions are 211 
hardly removed. The high competition of arsenate and vanadate for positive sites in 212 
the interlayer and external surface of the hydrotalcite structure limits the removal of 213 
molybdate. The lower affinity of molybdate, compared to arsenate and vanadate, is 214 
due to its larger anionic radius and smaller charge density. The contribution of both of 215 
these factors reduces the effectiveness of thermally activated hydrotalcite for the 216 
removal of molybdate anions in the presence of other anions. Previous work by the 217 
authors has shown the larger molybdate anions are adsorbed to the external surface of 218 
the hydrotalcite structure preferably over intercalation [10]. 219 
 220 
3:1 synthetic hydrotalcite 221 
The percentage removal of the three anions from solutions with increasing anion 222 
concentrations shows a similar overall trend to that of the thermally activated 2:1 223 
hydrotalcite structures. The 3:1 thermally activated hydrotalcite shows higher 224 
percentage removals than the 2:1 thermally activated hydrotalcite. The lowest 225 
concentration of anions in solution, 5 ppm, showed almost 100 % for all three anions. 226 
Arsenate also showed 100 % removal for 25 ppm solutions, whereas, a slight decrease 227 
in vanadate removal is observed and a significant decrease in molybdate removal is 228 
observed. As the initial concentration of all three anions in solution increased to 50 229 
ppm, significant decreases in removal ability are observed for all anions. As the 230 
concentration of anions in solution increases to 100 ppm, the removal values obtained 231 
do decrease, but not to the same extent as observed for the 50 ppm solution.  232 
 233 
4:1 synthetic hydrotalcite 234 
The thermally activated 4:1 hydrotalcite is the most effective in the removal of equal 235 
concentrations of arsenate, vanadate, and molybdate from contaminated solutions. 236 
The removal of all three anionic species is considerably higher than the other two 237 
hydrotalcite ratios investigated. Arsenate and vanadate are almost quantitatively 238 
removed from solution for all concentrations tested, whilst the removal of molybdate 239 
is also significantly higher (minimum of 60 % removal for the 100 ppm solution 240 
compared to 15-20 % for the 2:1 and 3:1 hydrotalcites). The increased removal ability 241 
of the thermally activated 4:1 hydrotalcite is believed to be due to the higher 242 
magnesium content resulting in a larger number of strong chemical bonds between 243 
anions and magnesium cations, compared with weaker bonding of anions with 244 
aluminium anions. This is caused by increased anionic polarisation by the higher 245 
charge density of Al
3+
 ions versus Mg
2+
, thus reducing ionic character of the bonds. 246 
 247 
 Bayer hydrotalcite 248 
Like the 4:1 thermally activated hydrotalcite, the thermally activated Bayer 249 
hydrotalcite observed 100 % removal of arsenate and vanadate, and relatively high 250 
removal percentages for molybdate. The similarity of the graphs suggests that the 251 
chemical characteristics of the 4:1 hydrotalcite and Bayer hydrotalcite are similar. ICP 252 
analysis of the Mg,Al ratio for the Bayer hydrotalcite supports that the structure will 253 
have similar characteristics to both the 3:1 and 4:1 samples as it’s ratio falls between 254 
the two. All three anions are present in bauxite refinery residues in small 255 
concentrations. The treatment of residue liquor with thermally activated Bayer 256 
hydrotalcite should remove most of these anions from the liquor, as long as the 257 
concentrations of higher affinity anions (carbonate) are minimal. The presence of 258 
carbonate will limit the effectiveness of thermally activated Bayer hydrotalcite. 259 
Implementation of treating the residue liquor with thermally activated Bayer 260 
hydrotalcite helps in removing anions twice from the bauxite residue cycle; 1) 261 
formation of Bayer hydrotalcite from the seawater neutralisation process removes a 262 
small concentration of anions from the residue liquor, and 2) re-treating the residue 263 
liquor with thermally activated Bayer hydrotalcite significantly reduces the 264 
concentration of anions in the liquor. 265 
 266 
Thermally activated synthetic hydrotalcites for the removal of arsenate, vanadate, and 267 
molybdate in individual aqueous system. 268 
 269 
Arsenate 270 
Hydrotalcite structures are very effective in the removal of arsenate from aqueous 271 
solutions, showing 100 % removal up to 100 ppm, except for the 3:1 thermally 272 
activated hydrotalcite, Figure 5. It is unclear why the 3:1 hydrotalcite did not perform 273 
as well as the other hydrotalcite materials, especially when the 3:1 hydrotalcite 274 
preformed best for molybdate anions. This could suggest that the 3:1 hydrotalcite has 275 
a larger external surface area due to poorly aligned hydroxyl layers. Poorly aligned 276 
hydroxyl layers may cause shrinkage of the interlayer region limiting the intercalation 277 
of anions. The high percentage removal obtained for the three other hydrotalcite 278 
materials is believed to be due to the high charge density of the arsenate anion.  279 
 280 
Vanadate 281 
Increasing the initial concentration of vanadate in solution causes a reduction in the 282 
percentage of vanadate anions removed by the 2:1 and 3:1 thermally activated 283 
hydrotalcites, Figure 6. The thermally activated 4:1 and Bayer hydrotalcites resulted 284 
in 100 % removal for all concentrations tested. This trend further suggests that the 285 
composition / layout of the hydroxyl layers and interlayer region are similar between 286 
the two. Therefore, the synthesis of 4:1 hydrotalcites are believed to be the best 287 
synthetic representation of Bayer hydrotalcites formed from bauxite refinery residues 288 
prepared by the seawater neutralisation process. 289 
 290 
Molybdate 291 
The most effective hydrotalcite for the removal of molybdate anions is the 3:1 292 
thermally activated hydrotalcite, Figure 7. Molybdate is the largest anon investigated 293 
and the results indicate that only 5 – 25 ppm of molybdate can be removed using 3:1 294 
hydrotalcites under these experimental conditions. All other hydrotalcite structures are 295 
unable to removed 100 % of molybdate from solutions. The 2:1 hydrotalcite is the 296 
worst performing hydrotalcite for the removal of molybdate anions, with a maximum 297 
of 70 % removal ability for 100 ppm solutions. 298 
 299 
Quantity of Bayer hydrotalcite that forms during the seawater neutralisation of red 300 
mud 301 
 302 
The SWN of red mud results in the formation of hydrotalcite-like structures, in 303 
particular Mg,Al hydrotalcite structures. Magnesium in seawater reacts with alumina 304 
in bauxite refinery residues to form Mg,Al hydrotalcite. The complexity of red mud 305 
makes the determination of the quantity of hydrotalcite that forms during the SWN-306 
RM difficult. Therefore, comparison of the concentration of vanadate removed from 307 
different ratios of RM and Bayer hydrotalcite to SWN-RM should give an indication 308 
of the amount of Bayer hydrotalcite that forms during the SWN-RM, Table 4. 309 
Analysis of the concentration of vanadate removed from solution indicates that 40 to 310 
60 % of Bayer hydrotalcite forms during the SWN-RM. Due to the complexity of red 311 
mud and the possible adsorption reactions occurring with red mud particles, only an 312 
estimation of the percentage of hydrotalcite that forms during the SWN-RM can be 313 
made. There is no known method of determining all the different reactions that 314 
undergo during the SWN-RM. 315 
 316 
Red mud and seawater neutralised red mud 317 
 318 
Red mud does not contain hydrotalcite; therefore, any removal of an anionic species 319 
from solution is due to adsorption onto the external surfaces of the red mud particles 320 
and other Bayer-derived components. The capacity for the removal of anionic species 321 
through intercalation is far greater than that for adsorption clearly shown in Figure 8. 322 
The capacity for red mud to remove anions through adsorption reactions is dependent 323 
on the initial concentration of the contaminated solution. This is explained by the 324 
specific number of binding sites and limited surface area of the red mud solid 325 
material. These sites will be neutralised quickly however, and the adsorption will slow 326 
considerably as the sites are occupied. The adsorption of further anions at this point is 327 
not electronically favoured. The size of the anionic species will determine the 328 
maximum concentration that can be removed from solution resulting in a limit to the 329 
number of anions that can be adsorbed per unit area.  330 
 331 
Low removal abilities are obtained for thermally activated red mud, however, the 332 
neutralisation of red mud increases the removal of all three anions dramatically. The 333 
vast improvement is due to the formation of Bayer hydrotalcite. While red mud 334 
removes anions solely through adsorption, the hydrotalcite product of the 335 
neutralisation process is able to remove anions through both intercalation and 336 
adsorption. This means that the removal capacity of red mud is a combination of 337 
adsorption (by both the red mud and hydrotalcite materials) and intercalation 338 
reactions. The results indicate that the SWN-RM vastly improves the removal ability 339 
of red mud. Thus making SWN-RM materials more viable for contaminate treatment. 340 
The SWN-RM improved the removal ability to 100 % for arsenate and vanadate up to 341 
25 ppm solutions. The percentage removal ability of SWN-RM reduces slightly at 342 
higher concentrations. 343 
 344 
Similar removal trends to those observed in the Bayer hydrotalcite can be seen in the 345 
seawater neutralised sample. These include; a higher affinity for high charge density 346 
anions, lower removal capacity of larger anions and a decreased removal capacity 347 
with increasing initial anionic concentration. The trends for the percentage removal of 348 
thermally activated SWN-RM is similar to those observed for the removal values 349 
obtained for Bayer hydrotalcite, which indicates that the adsorption and intercalation 350 
processes have a similar anion preference. SWN-RM would be most suited for the 351 
treatment of aqueous systems containing arsenate and/or vanadate at low (<50 ppm) 352 
concentrations. However, the use of thermally activated SWN-RM for the removal of 353 
molybdate is not favourable, Figure 8.    354 
 355 
356 
Conclusions 357 
 358 
A variety of toxic anion contaminated solutions have been treated with different 359 
thermally activated hydrotalcite materials in order to quantify their anion removal 360 
ability. The order of affinity for all the thermally activated hydrotalcite materials is 361 
arsenate, vanadate, and molybdate. The aim of this work is to obtain an understanding 362 
of the structure and removal characteristics of seawater neutralised red mud. This was 363 
achieved by preparing three synthetic hydrotalcite samples, of known composition, 364 
and comparing their anion removal capacity with Bayer hydrotalcite, (known to form 365 
under seawater neutralisation conditions). In most cases the Bayer hydrotalcite 366 
performed similarly to the 4:1 synthetic hydrotalcite structure, which may indicate 367 
that the Bayer hydrotalcite has similar metal layer characteristics to this material.  368 
 369 
The seawater neutralisation of red mud vastly improves the removal ability of red 370 
mud, with the percentage of anions being removed significantly improved. The 371 
increased removal ability is due to the formation of Bayer hydrotalcite during the 372 
seawater neutralisation of red mud. Comparison of the concentration of vanadate left 373 
in solution between different ratios of RM and Bayer hydrotalcite and SWN-RM 374 
indicated that 40 to 60 % of Bayer hydrotalcite forms during the seawater 375 
neutralisation of red mud. Seawater neutralised red mud removes anions from solution 376 
through both adsorption onto its external surfaces and intercalation into its lamellar 377 
structure.  378 
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Table 1: Concentration and masses used to synthesis 2:1, 3:1, and 4:1 synthetic 448 
hydrotalcites. 449 
Desired Ratio (Mg,Al) 
MgCl2.6H2O AlCl3.6H2O 
Conc. (M) Mass (g) Conc. (M) Mass (g) 
2:1 0.67 136.211 0.33 79.672 
3:1 0.75 152.475 0.25 60.358 
4:1 0.80 162.640 0.20 48.286 
 450 
Table 2: Composition of Bayer liquors. 451 
 Alumina (g/L Al2O3) Caustic (g/L Na2O) Carbonate (g/L Na2O) 
RML 5.4 14.6 n/a 
SNL 2.8 3.0 9.9 
 452 
Table 3:  ICP determination of the Mg,Al ratio of the hydrotalcite materials 453 
synthesised. 454 
Elements Hydrotalcite materials 
 2:1 3:1 4:1 Bayer HT 
Mg 69.99 83.17 72.29 51.64 
Al 33.54 28.10 18.16 16.17 
Molar ratio 2.09 2.96 3.98 3.19 
 455 
456 
Table 4: Percentage removal of anions from solution using different ratios of RM + 457 
Bayer hydrotalcite and SWN-RM. 458 
Sample Name Concentration of vanadate removed from a 100 ppm solution 
0% BHT 21.17 
5% BHT 34.47 
10% BHT 42.98 
15% BHT 52.95 
20% BHT 65.19 
25% BHT 75.33 
30% BHT 74.67 
35% BHT 77.10 
40% BHT 83.01 
45% BHT 84.48 
50% BHT 87.23 
55% BHT 86.09 
60% BHT 90.14 
65% BHT 91.24 
70% BHT 93.35 
75% BHT 94.26 
80% BHT 95.22 
85% BHT 95.46 
90% BHT 97.00 
95% BHT 96.66 
100% BHT 96.52 
SWN-RM 1 85.73 
SWN-RM 2 88.01 
SWN-RM 3 89.91 
Average 87.88 
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Figure 1: Mixed solution removal capacity of thermally activated 2:1 synthetic 463 
hydrotalcite. 464 
 465 
 466 
 467 
Figure 2: Mixed solution removal capacity of thermally activated 3:1 synthetic 468 
hydrotalcite. 469 
 470 
 471 
 472 
Figure 3: Mixed solution removal capacity of thermally activated 4:1 synthetic 473 
hydrotalcite. 474 
 475 
 476 
Figure 4: Mixed solution removal capacity of thermally activated Bayer hydrotalcite. 477 
 478 
 479 
Figure 5: Percentage removal of different concentrations of arsenate using a variety 480 
of thermally activated hydrotalcite materials. 481 
 482 
 483 
Figure 6: Percentage removal of different concentrations of vanadate using a variety 484 
of thermally activated hydrotalcite materials. 485 
 486 
 487 
Figure 7: Percentage removal of different concentrations of molybdate using a variety 488 
of thermally activated hydrotalcite materials. 489 
 490 
 491 
Figure 8: Comparison of the removal abilities of thermally activated red mud and 492 
seawater neutralised red mud for the removal of arsenate, vanadate, and molybdate. 493 
 494 
 495 
